Background Given the broad scope of the spillover effects of illness, it is important to characterize the variability in these outcomes to identify relationship types in which secondary impacts of illness are particularly important to include in health economic evaluations. Purpose To examine heterogeneity in spillover effects of chronic conditions on family members by type of familial relationship with patient. Methods Adults (aged C18 years) and adolescents (aged 13-17 years) who had a parent, spouse, or child in their household with a chronic condition (Alzheimer's disease/ dementia, arthritis, cancer, or depression) were recruited from a US national panel to participate in an on-line survey. Respondents were asked to rate the spillover effect of their family member's illness on their own health on a 0-100 scale, with lower scores indicating greater spillover. Regression analysis was used to evaluate the association between rating scale scores and relationship with an ill family member (ill parent, child, or spouse) for each illness separately, controlling for caregiving responsibility and the health status of the ill family member.
evaluations. Previous research has indicated that such spillover effects of illness are measurable, but may be small in magnitude and vary by condition and population affected [1] . These inferences are based on limited research, but there is increasing attention being paid to this issue [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Given the broad scope of spillover effects, it is important to characterize the variability in these outcomes to identify and prioritize cases in which secondary impacts of illness are particularly important to include in health economic evaluations. This involves highlighting situations in which resource-intense measurement of spillover with health utility weights may be warranted based on the size of the effects.
One important source of variability in the magnitude of spillover effects may be the family relationship type [6] . Previous research has shown that illness may impact family members differently, depending on the nature of their relationship with the ill individual [6, 21] , but evidence on the subject is limited. To date, most studies on spillover have looked at the impact of illness on caregivers in general [2, 3, 10-13, 17, 18, 22] or on specific relationship types, including spouses [7] and parents [9, 14, 16, 19] , using a variety of measurement tools. While these studies are useful, their disparate methods limit the ability to examine heterogeneity in the degree of spillover across different relationship types.
The objective of this analysis was to estimate the magnitude of health-related quality of life (HRQOL) spillover, measured with a rating scale, in individuals with a child, parent, or spouse with one of four chronic conditions: Alzheimer's disease/dementia, arthritis, cancer, or depression. We sought to examine the variation in rating scale scores by relationship type across illnesses.
Methods

Sample
Parents, spouses, and children of persons with Alzheimer's disease/dementia, arthritis, cancer, or depression were selected from a nationally representative survey research panel of adults (aged C18 years) and adolescents (aged 13-17 years) for this study. The ongoing panel is managed by GfK Custom Research, LLC; new panel members are currently recruited from a published address-based sample frame that covers approximately 97 % of US households [23] . Members of non-internet households who choose to join the panel are provided with internet access and a laptop computer. Households who use their own computer and internet service receive small monthly stipends commensurate with their participation [24] . Demographic information collected for all new panel members includes sex, age, age of their household members, race/ethnicity, household income, marital status, and education level.
A screener/eligibility survey was sent to 14,157 members of the survey panel (12,907 adults and 1,250 adolescents) between December 2011 and February 2012. Adults were screened to determine whether they lived with a spouse or parent with Alzheimer's disease/dementia, arthritis, cancer, or depression, or a child with cancer, cerebral palsy, or depression. Adolescents were screened to determine whether they lived with a parent with arthritis, cancer, or depression. Completed eligibility surveys were received from 63.5 % of adults (n = 8,190) and 33.4 % of adolescents (n = 417). Of those, 1,472 adults and 108 children met the eligibility criteria. Eighty-eight percent of eligible respondents completed a 20-min survey on the impact that their family member's illness had on their own physical and emotional HRQOL.
As part of this survey, we asked respondents to think about how they felt themselves, physically and emotionally, as a family member of a person with Alzheimer's disease/dementia, arthritis, cancer, cerebral palsy, or depression, and to rate how they felt on a scale from 0 to 100 (Spillover rating scale; Fig. 1 ). Lower rating scale scores indicated greater spillover. We also asked them to report if they had been a caregiver for their family member in the past year and to rate their ill family member's health status on a five-level ordinal scale (excellent, very good, good, fair, poor). Twenty respondents who had a child with cerebral palsy were eliminated from our analysis because of the small size of this group, leaving a final sample size of 1,369 adults and adolescents who lived with an ill family member with Alzheimer's disease/dementia, arthritis, cancer, or depression. This study was approved by human subjects review boards at the Harvard School of Public Health and the University of Michigan.
Statistical Analyses
We calculated descriptive statistics for rating scale scores for each illness, by relationship type. Descriptive statistics included means, medians, and 5th and 95th percentiles. Confidence intervals (CIs) around mean scores were estimated using non-parametric bootstrapping with replacement procedures [25] . We used the K-sample equality-ofmedians non-parametric test to evaluate whether median scores differed by relationship type, within each illness [25] .
We used ordinary least squares (OLS) regression to model the independent association between the type of relationship the respondent had with their ill family member and the respondent's rating scale score. For each of the four illnesses separately, models used rating scale scores as the dependent variables. The main independent variables were relationship type; having an ill parent or an ill child, both compared with having an ill spouse. Primary analyses controlled for the health status of the ill family member, and whether the respondent was a caregiver of his/her ill family member (Appendix A, Supplementary material).
Prior to selecting our final model, more comprehensive models were tested that included additional demographic variables: respondent's age, education, sex, marital status, race/ethnicity, and household income. Variables were included in the final model if they showed an association with rating scale scores in more than one illness (family member health) or had previously been established to have an important independent association with spillover effects (caregiving responsibility) [2, 3] . Alternate models were considered. OLS models performed better than negative binomial models according to the Akaike information criterion [26] .
CIs around model parameters were estimated with nonparametric bootstrapping procedures [25] . The relationship between observed and predicted scores for each model was evaluated using the adjusted R 2 statistic.
Results
Sample
The mean age of our sample was 49 years. Eight percent of respondents were under the age of 18 years, and 36 % were over the age of 60 years ( Table 1 ). The majority of respondents (75.9 %) were white, non-Hispanic, and were married or living with a partner (70.6 %). Fifty percent were female, 49.3 % had greater than a high school education, and 43.0 % earned over $60,000 per year. Seven percent of respondents had a child who was ill, 57.2 % had an ill spouse, and 36.2 % had an ill parent. Forty five percent of respondents had a family member with arthritis, 36.6 % with depression, 12.1 % with cancer, and 6.3 % with Alzheimer's disease/dementia.
Descriptive Statistics
Median rating scale scores differed significantly by relationship type for all illnesses except Alzheimer's disease/ dementia. For arthritis, cancer, and depression, respondents who had an ill parent consistently reported greater spillover compared with those who had an ill spouse, as did those who had an ill child with cancer and depression ( Table 2) . Respondents who had a parent with arthritis reported a median rating scale score of 60.0, compared with a median score of 69.0 for those who reported a spouse with arthritis (p = 0.010 for difference in medians by relationship type). Respondents who had a child or parent with cancer reported median rating scale scores of 25.5 and 50.0, respectively, compared with a median score of 54.0 for those who reported that they had an ill spouse (p = 0.016 for difference). Those who had a child or parent with depression reported median rating scale scores of 49.5 and 50.0, compared with 60.0 for those with an ill spouse Variation in the Spillover Effects of Illness(p = 0.001 for difference). Mean scores were similar to medians.
Regression Analyses
After adjusting for the respondent's caregiving role and the ill family member's health status, differences observed in unadjusted analyses remained. In adjusted analyses, having a parent with arthritis was significantly associated with a 3.8 (95 % CI 0.7-7.2) lower rating scale score compared with having a spouse with arthritis and having a parent with depression was associated with a 5.3 (95 % CI 1.1-9.6) lower score compared with having a spouse with depression. There was no significant difference in rating scale scores associated with the parent relationship type for Alzheimer's disease/dementia or cancer compared with having a spouse with Alzheimer's disease/dementia or cancer. Having a child with cancer was significantly associated with a 24.2 (95 % CI 8.4-36.5) lower rating scale score compared with having a spouse with cancer, and having a child with depression was associated with a 9.7 (95 % CI 3.8-15.0) lower score compared with having a spouse with depression, controlling for the respondent's caregiving role and the ill family member's health status ( Fig. 2; Appendix B: Table A1 , Supplementary material).
The health of the ill family member was also associated with respondent rating scale scores. Having an ill family member in poor or fair health was associated with greater spillover. Having a family member in very good health was associated with less spillover (Appendix B: Table A1 , Supplementary material). There was no significant association between rating scale scores and caregiving responsibility. In more comprehensive model specifications, there was no consistent relationship across illnesses between rating scale scores and respondent demographic characteristics. (Appendix B: Tables A2-A3 , Supplementary material). Adjusted R 2 values for the final regression models were in the range of 0.04-0.12 (Appendix B: Table  A1 , Supplementary material).
Discussion
The findings from this study demonstrate that the physical and emotional impact of illness on a family member's HRQOL does vary by the nature of his/her relationship with the ill individual for certain chronic illnesses. We found that having a child with cancer or depression is significantly associated with greater spillover, as measured with a rating scale, compared with having a spouse with one of these conditions. Having a a As rated by the respondent parent with arthritis or depression is also associated with a greater spillover compared with a spouse with one of these conditions. In examining the broader impact of illness beyond that of the patient alone, previous studies have mainly focused on caregivers. Fewer studies have assessed the impact of illness on family members in general [1] . Both populations are important to study, as previous research has shown that the spillover effects of illness may arise through both a ''caregiving effect'' and a ''family effect'' [2, 3] . The caregiving effect refers to the impact another's illness has on a person who is directly involved in their care, while the family effect is the impact another's illness has on someone that shares an emotional bond with that person. Our research supports previous work that suggests that the family effect may be a stronger determinant of spillover than the caregiver effect and that this family effect is related to the health status of the ill individual, with sicker individuals having a greater impact on the wellbeing of family members [3] . Our study takes this work a step further by indicating that the secondary impact of illness within a family also varies by the nature of a family member's relationship with the ill individual. This work has important implications. Researchers agree that the broad effects of illness should be incorporated into economic evaluations [4, 8, 27] . However, it has also been acknowledged that the size of spillover effects may vary, and that there is a need to more systematically evaluate these effects in different contexts [5] . Given the resources needed to measure spillover effects as detriments in health utility, our results will help researchers begin to prioritize where this measurement should focus. Clinicians may also use this information to better recognize the secondary impacts of illness in certain family members, and recommend additional support services to those persons.
We chose to evaluate the variation in the spillover impact of illness using a rating scale because of evidence that these spillover effects may be small in magnitude. Compared with other methods of health valuation, such as the time trade off or standard gamble, the rating scale has shown to be more sensitive to small detriments in health [28] . Our goal in this study was to quantify these losses, and not to provide utility values of spillover for use in economic evaluation. Previous studies have shown that health state valuations derived using rating scale methods are not consistent with valuations derived using utility elicitation methods, particularly the standard gamble [29] . Future research should prioritize the estimation of spillover utility values for cases in which we found the secondary impact of illness in family to be most pronounced, and identify the best methods for incorporating these effects into cost-effectiveness analyses. It is important to note, however, that differences of any magnitude may be considered important in the context of cost-effectiveness analyses, because results depend not on the absolute change in utility alone, but rather on the ratio of these differences to the cost of an intervention.
Compared with family members having an ill spouse or parent, it appears that having a sick child may be associated with a greater secondary impact of illness. We found that across all relationships and illness categories we studied, having a child with cancer is associated with the greatest spillover. In a separate study that conducted qualitative interviews of a subsample of survey respondents, parents' psychological distress was seemingly rooted in their concern for their child's present and future well-being and health outcomes. Parents of ill children reported that their child's illness was more all consuming compared with those of an ill spouse or parent because of the dependent nature of the parent-child relationship [30] . The greater magnitude of spillover associated with a child's illness may also be explained in part by research demonstrating that people place a higher value on gains in child health compared with adult health [31, 32] .
The conclusions that can be drawn from this work are limited by the fact that we only evaluated spillover in four illnesses. Future studies should expand on these analyses to demonstrate how the patterns we have observed extend to other illnesses. Other limitations in this work should also be noted. There is currently no consensus on the best method for capturing the spillover effect of illness. We used a rating scale to measure spillover effects, but different methods may have produced different results. Our rating scale was bounded on one end by ''best health you can imagine'' and on the other end as ''being dead'' and although it was our intention to only capture the decrement in the respondent's health as a result of their family member's illness, it is possible that respondents also considered the impact of their own independent health ailments when answering the rating scale question. Future research should focus on identifying the best methods for capturing spillover effects. In addition, while our study samples were drawn from a national research panel, these samples were not meant to be nationally representative of adults and adolescents living with an ill family member. In addition, because of the cross-sectional nature of our survey, we cannot infer causality from our results and small sample sizes may have prohibited us from detecting true differences where they do exist. Ordinary least squares regression models were used to evaluate the changes in rating scale scores, but linear models may be problematic for modeling rating scale data because of the bounded nature of these data. However, previous research has shown that these models may produce unbiased mean estimates despite these limitations [33, 34] . As OLS violations bias the standard error of estimates and not the mean estimates themselves, we were able to mitigate these biases by calculating bootstrapped CIs that do not rely on any assumptions of normality.
Spillover rating scale scores were collected from samples of adults and adolescents that currently had a family member with a specific type of illness. In prior health valuation work, it has been shown that persons with an illness generally rate their current health state higher than do healthy individuals hypothetically valuing that health state [35] . It is not known whether this process of adaptation has a similar impact on spillover health valuations, and future work should address this question.
Conclusions
We find that the impact of illness on family members, measured with a rating scale, varies by relationship type for certain illnesses. Based on the limited diseases we studied, having an ill child generally seems to be associated with greater spillover than having an ill parent, which is sometimes but not always associated with greater spillover than having an ill spouse. Future work should explore the generalizability of our results to other illnesses. The impact of illness on additional family members, such as siblings, should also be explored.
